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Research Group for the Impact 
and Safety of Underground Works

Modelling the long-term 
evolution of groundwater's 
quality in a flooded iron-ore 
mine using a reactive transport 

www. gisos.org

pipe network model

Vaute L., Fabriol R., Le Pape P., Sillau C.
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Objective of the study

 Develop a numerical tool being able to 
forecast flow and quality of groundwater at 
wells and at overflow adits…

 …in order to support water-resource 
management in mining context.

Vaute L.
BRGM

management in mining context.

Outline of the presentation

 1) Site description

 2) Conceptual model

 3) Numerical model development

 4) Simulation results
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s Site description:
the Lorraine iron basin

 11 flooded 
mines
 430 km2 of mine 

workings

 ¾ of workings

Lorraine
iron
basin
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are flooded

 volume of water
> 450 x 106 m3

 We are studying 
the 3 largest 
flooded mines :
South, Centre,  
and North basin

~ 40000 km cumulated length
of mine workings

0 to 300 m depth

Up to 5 mined layers
(room and pillar mining 

technique)

Site description:
summary with photos…

~ 50% of collapsed zones
(where pillars were destroyed)

Mine dewatering:
up to 291 Mm3 / year

Mine flooding after mining
and dewatering had been stopped

Evolution of the piezometric level of the South Basin
since the beginning of the flooding
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Evolution of the sulphate concentration of the South Basin 
since the beginning of the flooding
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Evolution of the sulphate concentration of the South Basin 
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Evolution of the sulphate concentration of the South Basin 
since the beginning of the flooding
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Start of the flooding
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 A simplified two-step scenario to explain 
sulphate rise in the flooded mine:

 During the mining:

pyrite oxidation + neutralization by carbonates

 gypsum at the surface of rock fractures

 During the flooding:

Conceptual model of the South basin
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 During the flooding:

dissolution of the gypsum

 high sulphate concentration in water
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 An experimental solid sulphate 
precipitation-dissolution reaction rate :

IMWA 2010 Sydney, Nova Scotia | “Mine Water & Innovative Thinking”

© by Authors and IMWA



2

Conceptual model of the South basin

 Cartographic 
analysis of 75 
available mine 
plans leaded 
us to…

 Cartographic 
analysis of 75 
available mine 
plans leaded 
us to…

di id th

 Cartographic 
analysis of 75 
available mine 
plans leaded 
us to…

di id th

Model development: cartographic analysis

 …divide the 
flooded area 
into 33 
functional units

 …divide the 
flooded area 
into 33 
functional units

 4 monitoring 
points only

Model development: finding out an Epanet 
equivalent of the functional unit

Model development:
building the network

of functional units
in Epanet

 In order to build such 
an equivalent Epanet 
network, we had to…

 …deduce geometrical 
information from 
cartographic analysis:

 Volume of functional units,

 Elevation and length of 
equivalent pipes…

Calibrating model : calculating the 
recharge rate of each functional unit

 Total recharge rate (overflow + pumpings) of the 
flooded mine is modelled using the TEMPO computer 
code, which is based on signal-processing methods:

 Calculation of the 
impulse response
of the system

 Then, each functional unit receives a part of this total 
recharge, proportionaly to its relative area

of the system…

 …allow to ajust the 
observed total 
recharge rate…

 …and to simulate 
future recharge by 
stochastic methods
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s Calibrating model: adjusting 
chemical parameters
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 In a previous work, we added our experimental 
solid sulphate dissolution–precipitation reaction 
rate to the Epanet water-quality solver:

At
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4dt pcp

 To calibrate the model, we needed to adjust two 
global parameters:

 the global apparent kinetic precipitation constant
 the global initial available mass of solid sulphate

 We also fixed an initial sulphate concentration in 
water for each tank and pipe

t = 0
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Simulation result
at the deepest well

Well   Droitaumont II

0 03

Simulation result
at a « hub » node of
the Epanet network

Well   Paradis V

0.03

Simulation result
at the overflow point

Overflow  point

0.03

Simulation result
at a functional unit

having a high
recharge flow

Well   Moineville

0 03

Simulation 
results
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Conclusion

 The numerical model gives good 
agreement between calculated and 
observed sulphate concentrations… but 
for few available monitoring points.

O h d h i l t l d l
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 Our hydrogeochemical conceptual model
as well as our numerical approach seem 
to be relevant for the South basin…

 …but need to be tested for Centre and 
North basin modelling.

Thank you for your attention !
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